HEAT EXCHANGER WITH FLOW DIRECTOR 

FIELD OF INVENTION 

This invention relates generally to the field of heat exchangers and, more 
particularly, to heat exchangers that are specifically configured to have one or more 
internal members for directing the flow of fluid in a desired manner to optimize heat 
exchanger operation. 

BACKGROUND OF THE INVENTION 

The present invention relates to heat exchangers that are generally configured 
comprising one or more manifold members that are constructed to receive and/or 
dispense a particular fluid or gas in need of cooling, and a core member that is connected 
to the manifold members. The core member is constructed to accommodate passage of 
a particular fluid or gas therethrough to achieve cooling of the same via conductive 
and/or convective heat transfer. The heat exchanger can also include one or more 
manifold members constructed to receive and/or dispense a particular cooling fluid or 
gas, and place the same into contact with the core member. Such heat exchangers known 
in the art can be configured having a single or multiple pass hot-side or cold-side designs 

The core member is typically configured to provide a desired degree of 
conductive and/or convective heat transfer. In a typical example, the core comprises a 
plurality of hollow heat transfer passages sized to permit a desired degree of fluid or gas 
flow therethrough. These heat transfer passages are also configured comprising fins that 
are specially designed to promote conductive and/or convective cooling. 
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A problem known to exist in conventional heat exchangers involves the existence 
of undesired flow disparities and maldistribution of fluid or gas through the exchanger. 
5 This can occur with fluid or gas flow on the hot side and/or cold side of the exchanger. 
Such flow disparities and maldistributions are generally undesired, as they tend to have 
an adverse impact on achieving an optimum cooling efficiency. For example, the fluid 
or gas distributed through the heat exchanger may not be able to achieve a desired level 
of cooling at a desired flow rate. It may, therefore, be necessary to reduce the throughput 
10 rate of the fluid or gas, and/or increase the sizing of the heat exchanger to meet the 
desired cooling performance. 

Additionally, the presence of flow disparities or maldistribution of fluid or gas 
flow within a heat exchanger can also lead to the localized concentration or absence of 
thermal energy, e.g., creating one or more unwanted cold or hot spots. Such localized 
15 heating or cooling is known to generate high local stresses within the heat exchanger. 
After repeated heating and cooling cycles, such localized stresses can lead to the 
premature failure of the heat exchanger, thereby limiting its useful service life. 

It is, therefore, desired that a heat exchanger be constructed in a manner that 
provides an improved degree of fluid or gas flow distribution therein to minimize and/or 
2 0 eliminate the above-noted problems associated with flow disparities or flow 
maldistribution within the heat exchanger. It is desired that such heat exchangers be 
configured in a manner that does not adversely impact spatial concerns regarding 
mounting the same for use, thereby permitting easy retrofit use to replace conventional 
heat exchangers. It is further desired that such heat exchangers be constructed using 
25 materials and methods that are readily available to facilitate cost effective manufacturing 
and assembly of the same. 



2 



SUMMARY OF THE INVENTION 

Heat exchangers, constructed in accordance with principles of this invention, can 
be of the shell-and-tube or bar-and-plate design, and typically comprise a construction 
including a plurality of first passages, for transporting a first fluid or gas therethrough, 
and one or more second passages for transporting a second fluid or gas therethrough. 
The first and second passages can be configured in the form of tubes disposed within a 
shell, or as a core comprising both sets of passages. In either construction, the second 
passages are positioned adjacent to the first passages to permit a desired transfer of 
thermal energy fi-om the first passages to the second passages. 

The heat exchanger includes a manifold in communication with one of the first 
or second passages. The manifold includes an opening disposed therethrough for 
receiving or dispensing the first or second fluid or gas to or from the first or second 
passages. In an example embodiment, the heat exchanger can include one or more of a 
hot-side inlet manifold and a hot-side outlet manifold in fluid flow communication with 
the plurality of first passages, and one or more of a cold-side inlet manifold and a cold- 
side outlet manifold, in fluid flow communication with the second passages. 

The heat exchanger also includes means disposed therein for directing the flow 
of the first or second fluid or gas in a direction different from a natural flow direction 
within the heat exchanger. The means for directing can be provided as an integral part 
of the heat exchanger itself, such as the shape of the first or second flow passages, or the 
shape of one or more of the manifolds. Alternatively, the means for directing can be 
provided in the form of a separate element disposed within one or more of the manifolds 
that is configured to have a desired flow directing and/or distributing impact on the fluid 
or gas passing thereby. 

Additionally, a heat exchanger of the present invention may comprise a plurality 
of first passages for transporting a first fluid or gas therethrough; one or more second 
passages for transporting a second fluid or gas therethrough, the second passages being 
positioned adjacent to the first passages to permit the transfer of thermal energy fi-om the 



first passages to the second passages; a manifold in communication with one of the first 
or second passages, the manifold including an opening disposed therethrough for 
receiving or dispensing the first or second fluid or gas from the first or second passages; 
and means disposed within the heat exchanger for directing the flow of the first or 
second fluid or gas in a direction different fi-om a natural flow direction within the heat 
exchanger. 

Additionally, a heat exchanger of the present invention may comprise a core 
member including: a plurality of hot-side fluid or gas transport passages for 
accommodating passage of a first fluid or gas therein; a plurality of cold-side fluid or gas 
transport passages for accommodating passage of a second fluid or gas therein that is 
provided at a temperature less than that of the first fluid or gas, the hot-side and cold-side 
fluid or gas transport passages being in contact with one another to permit conductive 
heat transfer; manifolds connected to ends of the hot-side and cold-side fluid or gas 
passages to direct and receive the first and second fluids or gases into and fi-om the 
respective hot-side and cold-side fluid or gas transport passages; wherein one of the hot- 
side or cold-side fluid or gas transport passages are positioned within the core having a 
fluid or gas flow path different than that of fluid or gas flowing through a manifold 
connected with one of the hot-side or cold-side fluid or gas transport passage. 

Heat exchangers comprising such flow directing means demonstrate an improved 
degree of fluid or gas flow distribution within the heat exchanger, when compared to 
conventional heat exchangers, thereby operating to minimize and/or eliminate known 
problems associated with flow disparities or flow maldistribution within the heat 
exchanger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood with reference to the following 
drawings wherein: 

FIG. 1 is a cross-sectional view of a prior art heat exchanger comprising 
conventional horizontally-oriented cooling fins; 
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FIG. 2 is a cross-sectional view of a heat exchanger comprising 
vertically-oriented integral flow directors of this invention; 

FIG. 3 is a cross-sectional view of a heat exchanger comprising 
diagonally-oriented integral flow directors of this invention; 
5 FIG. 4 is a cross-sectional view of a heat exchanger comprising a number of 

internal flow director embodiments of this invention disposed therein; 

FIGS. 5 A and 5B are perspective views of a two-pass heat exchanger manifold 
comprising a pair of integral flow directors of this invention; 

FIG. 6 is a top plan view of a two pass heat exchanger manifold comprising a 
10 perforated integral flow director of this invention; and 

FIG. 7 is a perspective view of a heat exchanger manifold comprising a diversion 
plate integral flow director of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

15 The present invention relates to heat exchangers used for reducing the 

temperature of an entering gas or fluid stream. The particular application for the heat 
exchangers of the present invention is with vehicles and, more particularly, to cool an 
exhaust gas stream in an exhaust gas recirculation (EGR) system, or to cool a pressurized 
air intake stream in a turbocharged or supercharged engine system. However, it will be 

20 understood that these are only exemplary embodiments. It will be readily understood by 
those skilled in the relevant technical field that the heat exchanger configurations of the 
present invention described herein can be used in a variety of different applications. 

Generally, the invention constructed in accordance with the principles of this 
invention, comprises a heat exchanger that includes at least one flow director disposed 

25 therein for changing a character of the flow of fluid or gas within at least one heat 
exchanger passage. The invention can be used with shell -and-tube and bar-and-plate 
type heat exchangers. In either application, the flow director is in the form of a member 
that is configured to intentionally change the flow character of a gas or fluid entering or 
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exiting the heat exchanger. In an example embodiment, the flow director may be in the 
form of a fm, a baffle, a block, a perforated plate, a series of strips or the like. 

FIG. 1 illustrates a prior art heat exchanger 10 comprising a core member 12 
disposed within the heat exchanger that is configured having a plurality of heat transport 
5 passages therethrough (not shown). A hot-side inlet manifold 14 is attached to a top end 
of the core 12 and is configured to receive an inlet stream of hot fluid or gas for directing 
to the core heat transport passages. The exchanger also includes a cooling-side inlet 
manifold 1 6 and a cooling-side outlet manifold 1 8 that are each attached at opposite sides 
of the core 12, and that operate to transport a desirable cooling medium to and from the 
10 core. 

Configured in this manner, hot fluid or gas entering the exchanger passes through 
the core in a generally vertical direction, while cooling fluid or gas passes through the 
exchanger in a generally horizontal direction, i.e., in a direction perpendicular to the hot- 
side fluid or gas and parallel to the direction of fluid or gas flow through the cooling-side 

15 manifolds. In an example prior art embodiment, the exchanger is a bar and plate type 
exchanger. A problem known to exist with such prior art exchangers is that the 
manifolds produce uneven flow conditions within the core, which can cause localized 
concentrations of thermal energy and related unwanted concentrations of thermal stress. 
Specifically, in this prior art example, the majority of the cooling fluid flow will travel 

20 along the most direct path from the coolant inlet to the coolant outlet. This leads to an 
abundance of cooling at the coolant outlet end of the hot fluid inlet, and a reduced 
amount of cooling at the coolant inlet end of the hot fluid inlet. These differences in the 
cooling rates, depending on the hot side flow distribution, can lead to a large temperature 
gradient from one side of the hot fluid inlet to the other, thus generating large thermal 

25 stresses. 

In one embodiment, heat exchangers comprising a flow director of this invention 
are configured having a core with fins specifically configured to provide a desired fluid 
or gas flow direction on the hot and/or cold fluid or gas side. Because the fins are 
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actually part of the core itself, and because the fins are used to change the direction of 
fluid or gas flow, they are considered to be integral flow directors in the heat exchanger. 

FIG. 2 illustrates a heat exchanger 20 comprising an example flow director of this 
invention. The heat exchanger 20 comprises a core 22 that, unlike the prior art example 
described above and illustrated in FIG. 1, is intentionally configured having a plurality 
of integral flow directors 24, e.g., fins, that are oriented to direct a cooling fluid or gas 
vertically within the exchanger fi-om the cooling-side inlet manifold 26 to the 
cooling-side outlet manifold 28. This direction of fluid or gas flow is perpendicular to 
the natural flow of the same through the cooling-side inlet and outlet manifolds. 
Positioning the fins in this manner to produce vertical flow of cooling fluid within the 
heat exchanger is desired because it directs the fluid so as to impinge directly onto the 
hot inlet header, thus increasing cooling in the hottest portion of the heat exchanger. 
This creates a more even temperature distribution and a smaller temperature gradient 
from one end of the hot fluid inlet to the other, thus reducing the resultant thermal 
stresses. 

FIG. 3 illustrates a heat exchanger 30 comprising another example flow director 
of this invention. The heat exchanger comprises a core 32 that includes a plurality of 
integral flow directors 34, e.g., fins, intentionally oriented to direct a cooling fluid or gas 
diagonally within the exchanger from the cooling-side inlet manifold 36 to the cooling- 
side outlet manifold 38. This direction of fluid or gas flow is diagonal to the natural flow 
of the same through the cooling-side inlet and outlet manifolds. Positioning the fins in 
this manner to produce diagonal flow of cooling fluid within the heat exchanger is 
desired because it directs the fluid so as to impinge directly onto the hot inlet header, thus 
increasing cooling in the hottest portion of the heat exchanger. The angle of the fin can 
be optimized in this configuration in order to provide the best compromise between 
effective cooling of the hot inlet header and coolant pressure losses. The angle of the fin 
also serves to direct more cooling fluid to one portion of the hot inlet header than to 
another, thus compensating for temperature and flow variations on the hot fluid side of 
the heat exchanger, reducing temperature gradients and minimizing thermal stresses. 



By orienting the integral flow directors, e.g., fins, in a direction other than that 
of the overall fluid flow, the fluid may be redistributed over, or redirected to, areas of 
concern. In this manner, uneven flow conditions in the manifolds can be prevented, and 
localized areas of higher heat transfer which minimize temperature gradients and reduce 
thermal stress concentrations can be created. 

During heat exchanger core construction, the fins are oriented in a predetermined 
direction that is appropriate to provide the desired flow characteristics in service. A 
skilled artisan can orient the fins as desired for a particular application or a particularly 
sized heat exchanger. For example, the fins can be turned 90 degrees from their normal 
orientation (aligned perpendicular with the overall fluid flow direction), as shown in FIG. 
2. It will be understood that, the fins can be cut and shaped as necessary for any desired 
angle or flow distribution. 

While the specific embodiments of integral flow directors of this invention have 
been described and illustrated in FIGS. 2 and 3, it is noted that other embodiments of 
heat exchangers comprising integral flow directors oriented differently than specifically 
described and illustrated are considered to be within the scope of this invention. A key 
feature of such integral flow directors of this invention is that they are specifically 
oriented to direct fluid or gas flow within the heat exchanger in a direction that is not 
otherwise in the normal direction of fluid or gas flow therein. 

Additionally, while example embodiments of integral flow directors have been 
described and illustrated comprising a plurality of elements oriented in the same general 
manner, integral flow directors of this invention can be configured to provide fluid or gas 
flow in more than one direction. For example, integral flow directors of this invention 
can be configured having a compound shape comprising one or more curved sections or 
the like to direct flow within the heat exchanger in a certain desired manner. The exact 
shape and configuration of the integral flow director is understood to vary depending on 
a variety of factors such as the type of fluid or gas being directed, the flow rate of the 
same, the exact geometric configuration of the core, the size of the heat exchanger, and 
the like. 
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FIG. 4 illustrates a heat exchanger 40 comprising a number of differently 
configured flow directors disposed therein. It is to be understood that this figure is 
provided only for purposes of referencing different types of integral flow directors, and 
is not intended to represent a heat exchanger would include each of the different flow 
5 directors. Unlike the flow directors discussed above and illustrated in FIGS. 2 and 3, the 
flow directors shown in FIG. 4 are disposed within one or more of the heat exchanger 
manifold members and not the core. 

Moving from left to right across FIG. 4, the heat exchanger includes an inlet 
manifold 42 that is configured to receive an inlet stream of fluid or gas for directing the 
10 same towards the heat exchanger core 44. For purposes of directing or conditioning the 
flow of entering fluid or gas in a desired manner, an integral flow director can be 
positioned within the inlet manifold. The exact placement and configuration of the flow 
director can and will vary depending on the particular application. 

For example, in one embodiment, the integral flow director can be in the form of 
15 a perforated member or plate 48 positioned downstream of an inlet opening 50. 
Configured in this manner, the flow director functions to diffiise or more uniformly 
distribute the flow of incoming fluid or gas across the director surface area for passage 
to the core. The perforated member 48 can be configured within the manifold 42 to 
extend across the entire inlet opening 50, so that all entering fluid or gas must pass 
2 0 therethrough, or can be configured within the manifold to contact only a partial portion 
of the incoming fluid or liquid. 

The exact configuration of the perforated member, e.g., its surface area, number 
and size of perforations, and location and angle of placement within the manifold, are all 
understood to vary depending on the particular application. The perforated member can 
25 be formed fi*om metal or other suitable structural material having a number of openings 
disposed therethrough. The perforated member can be formed as part of the manifold 
itself, e.g., by molding, or can be provided as a separate part that is attached to an inside 
surface of the inlet manifold by conventional methods, such as by welded attachment or 
the like. 
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In another embodiment, the integral flow director can be in the form of a non- 
perforated baffle or plate 52 positioned downstream of the inlet opening 50. Unlike the 
perforated member 48 discussed above, the solid plate or baffle is positioned within the 
inlet manifold to direct fluid or gas around it rather than through it in a predetermined 
manner to achieve a desired flow redirection goal. If desired, however, the baffle or plate 
can include one or more openings disposed therethrough to perform dual functions of 
both diverting and diffusing fluid or gas flow within the heat exchanger. Like the 
perforated member embodiment, the exact configuration of the solid baffle or plate, e.g., 
its surface area, and location and angle of placement within the manifold, are all 
understood to vary depending on the particular application. The solid baffle or plate can 
be formed from metal or other suitable structural material, can be formed as part of the 
manifold itself, e.g., by molding, or can be formed as a separate part that is attached to 
an inside surface of the inlet manifold 50 by conventional methods, such as by welded 
attachment or the like. 

Moving to an opposite side of the core, an outlet manifold 54 is attached thereto 
that is configured to receive fluid or gas from the core and for directing the same fi-om 
the heat exchanger. For purposes of diverting the flow of exiting fluid or gas in a desired 
manner, an integral flow director can be positioned within the outiet manifold. The exact 
placement and configuration of the flow director can and will vary depending on the 
particular application. 

For example, in one embodiment, the integral flow director can be in the form of 
a side wall 56 of the outlet manifold itself. In this embodiment, a section of the manifold 
wall itself is intentionally designed to direct the flow of fluid or gas within the manifold 
in a predetermined manner. In the example illustrated, a shoulder portion of the outlet 
manifold can be moved inwardly towards the core 44 to help provide a more direct 
passage of fluid or gas from the core to an outlet opening 58 in the manifold. It is to be 
understood that this is but one example of how the manifold structure itself can be 
tailored to provide a desired fluid or gas flow characteristic within the heat exchanger 
and that other variations of modifying the heat exchanger structure are intended to be 



within the scope of this invention. This particular embodiment of the integral flow 
director can be useftil in situations where it is cost effective to reshape the manifold 
itself, such as when designing a completely new heat exchanger, in comparison to adding 
another form of integral flow director to an already-designed manifold as discussed 
above. 

In another embodiment, the integral flow director can be in the form of a block 
member 60 positioned downstream of the core 44 and upstream of the outlet opening 58. 
The term "block member" is defined to mean that the flow director has a relatively 
greater thickness than that of a plate, i.e., it is three-dimensional. The block member can 
be solid or hollow. This embodiment of the flow director is provided for the purpose of 
occupying a desired volume within the manifold and deflecting the flow of fluid around 
it in a predetermined manner to achieve a desired fluid or gas flow characteristic within 
the heat exchanger. 

Like the other above-described flow director embodiments, the exact 
configuration of the block member, e.g., its dimension and surface area, and location and 
angle of placement within the manifold, are all understood to vary depending on the 
particular application. The block member can be formed as part of the manifold itself, 
e.g., by molding, or can be formed as a separate part from metal or other suitable 
structural material that can be attached to an inside surface of the outlet manifold 54 by 
conventional methods, such as by welded attachment or the like. 

While specific embodiments of flow directors of this invention have been 
described and illustrated in FIG. 4, it is to be understood that these embodiments are only 
exemplary of the many different types of integral flow directors that are intended to be 
within the scope of this invention. Additionally, although the four example flow 
director embodiments illustrated in FIG. 4 have been described and illustrated as being 
positioned within an inlet or outlet manifold, it is to be understood that the flow directors 
of this invention can be used in either heat exchanger manifold member interchangeably 
to achieve a desired change in the fluid or gas flow characteristic. 
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Additionally, it is to be understood that the flow director embodiments described 
above and illustrated in FIG. 4 can be used be used to provide desired flow changes in 
either the hot or cold side of the heat exchanger. For example, the integral flow director 
can be placed in one or both of the cooling medium inlet and/or outlet manifolds, or in 
one or both of the hot fluid or gas inlet and/or outlet manifolds. Also, should the heat 
exchanger be of a multi-pass design, the integral flow director can be positioned in one 
or both sides of a common end manifold, i.e., a manifold that is configured having 
independent chambers for both directing fluid or gas to the core and receiving fluid or 
gas from the core. 

FIGS. 5A and 5B illustrate a manifold member 62 that is configured for use with 
a multi-pass heat exchanger. The manifold member 62 includes a fluid or gas inlet 64, 
a fluid or gas outlet 66, and is configured for attachment with a remaining core portion 
(not shown) of the heat exchanger. As shown best in FIG. 5B, the inlet and outlet 
portions of the manifold are separated from one another by a dividing plate 68 that is 
disposed within the manifold and that projects outwardly a distance therefrom. 

The manifold member includes a flow director 70 of this invention disposed 
therein within the fluid or gas inlet portion, and downstream of the fluid or gas inlet 64. 
The integral flow director 70 is provided in the form of a pair of deflector members 72 
that extend across the inlet 64, and that are interposed between the dividing plate 68 and 
an opposed wall surface of the manifold. The deflector members are shaped having a 
rectangular configuration and are positioned to divert the flow of fluid or gas entering the 
manifold in a desired manner, and can be formed as part of the manifold itself, e.g., by 
molding, or as separate parts from metal or the like that are attached within the manifold 
by conventional methods, e.g., by welding or the like. 

In this particular example, the integral deflector plates are positioned having an 
angular orientation within the manifold calculated to deflect the entering gas or fluid in 
an outwardly directed manner, i.e., outwardly away from a center portion of the inlet 
opening. Configured in this manner, the pair of deflector plates operate to direct the 
concentration of entering fluid or gas to portions of the core other than that directly 
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downstream and inline with the inlet opening 64. If desired, the flow deflector plates can 
be positioned in the outlet portion of the manifold. 

Although a particular example of an integral flow director has been described 
above and illustrated in FIGS. 5A and 5B, it is to be understood that other variations of 
flow directors of this invention can be interchangeably used with the particular type of 
manifold. For example, the integral directors described above and illustrated in FIG. 4 
can also be used with the manifold illustrated in FIGS. 5A and 5B, and the flow director 
illustrated in FIGS. 5A and 5B can also be used with the heat exchanger illustrated in 
FIG. 4. 

FIG. 6 illustrates an example of this concept, wherein manifold 76 configured for 
use with a multi-pass heat exchanger (not shown) comprises an integral flow director of 
this invention that is provided in the form of a perforated member or plate 78. The 
perforated plate 78 is mounted within an inlet portion of the manifold, downstream of a 
fluid or gas inlet opening 80. The perforated member 78 can be configured to extend 
across the entire entry portion of the manifold or only a partial portion of the manifold, 
depending on the particular flow characteristics desired. The perforated member acts as 
a diffiiser to uniformly dispense fluid or gas entering the manifold towards the core. 

FIG. 7 illustrates a further flow director embodiment of this invention as used in 
conjunction with a heat exchanger manifold 82. In this embodiment, the flow director 
is provided in the form of a nonperforated plate or baffle 84 that is mounted within the 
manifold a distance downstream from the manifold inlet opening 86. Alternatively, if 
desired, the baffle plate can be mounted adjacent the manifold outlet opening. In this 
embodiment, the baffle plate operates to divert the flow path of fluid or gas entering the 
manifold around the plate for purposes of achieving a desired flow characteristic within 
the heat exchanger. Like the above described flow director embodiments, the baffle plate 
can be formed as part of the manifold itself, e.g., by molding, or can be made as a 
separate part made from a suitable structural materials that is attached within the 
manifold by conventional methods, such as welding. 
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Flow directors of this invention operate to enable the heat exchanger designer to 
achieve a desired fluid or gas flow direction or flow characteristic within a heat 
exchanger that is calculated to address unwanted flow related thermal effects therein. 
Such flow directors operate to correct for uneven flow conditions in the manifolds, and 
5 can create localized areas of higher heat transfer, which can minimize temperature 
gradients and reduce localized stress concentrations within the heat exchanger, thereby 
increasing heat exchanger service life. 
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